Mucohaemorrhagic diarrhea associated with Brachyspira hampsonii infection has emerged as a production-limiting disease in western Canada. This pathogen was first 
in Canada (Rubin, Harms et al., 2013) raising questions regarding the role of waterfowl in its transmission among farms. Since its detection and identification in North America, B. hampsonii has been detected in Europe, both in pigs and in waterfowl (Mahu et al., 2014; Martinez-Lobo et al., 2013; Rohde, Habighorst-Blome, & Seehusen, 2014) .
The first published report of B. hampsonii associated with clinical disease in European pigs was in 2014, following isolation of B. hampsonii in pigs imported to Germany from Belgium (Rohde et al., 2014) , and pigs imported from the Czech Republic to Belgium (Mahu et al., 2014) . The true extent of global distribution of B. hampsonii beyond North America and Europe remains to be determined, although it was not detected in Australian pigs in a recent survey .
Initially, two genetically distinct subgroups of B. hampsonii were defined based on partial NADH oxidase (nox) gene sequencing of North American isolates. These groups were originally described as "clades" but more recently the term "genomovar" has been suggested based on whole genome phylogeny (Mirajkar et al., 2016) .
Two additional genomovars, III and IV, have been reported in European pigs and/or waterfowl (Martinez-Lobo et al., 2013; Rohde et al., 2014) . Hereafter in this manuscript, we refer to B. hampsonii genomovar I and II as B. hampsonii (I) and (II).
The origin of B. hampsonii and the timing and reasons for its emergence are unknown. Chander et al. (2012) speculated that B. hampsonii (II) may have evolved from Serpulina sp. P280/1 (now recognized as B. hampsonii (III) (Mirajkar et al., 2016) ). They further suggest that B. hampsonii (I) may have evolved independently. Western Canada and the US Midwest are linked by north-south movement of millions of migratory geese and weaned pigs, and so it may not be a coincidence that the organism was identified simultaneously in these regions. Additional information about the history of B. hampsonii in western Canada will be helpful in understanding the origins of this pathogen. A retrospective study of the occurrence of B. hampsonii also provides a case study of the emergence of a novel pathogen in relation to clinical diagnostic methods and procedures.
The objective of the current study was to conduct a retrospective study of historic, archived cases of porcine colitis to determine when B. hampsonii was first evident in western Canada.
| MATERIALS AND METHODS

| Selection of archived case material
Cases were selected from the electronic database at Prairie Diagnostic Services Inc. (PDS), Saskatoon, SK, Canada, based on a key word search of records from 1999 to November 2009 (when the original identification of B. hampsonii was made) using the following terms: swine, colitis, enteritis, typhlocolitis, mucohemorrhagic and dysentery. Diagnostic reports prior to 1999 were not included since they were not available electronically, and paper records were not consistently available. Initial results were filtered based on pathology reports to identify cases where mucohemorrhagic diarrhea or microscopic lesions of dilated, mucous-filled intestinal crypts with spirochetes were reported. Cases where findings of Brachyspira spp. or thin spirochetes were made based on polymerase chain reaction (PCR), culture, or Gram stain were also included. In the period under study, selective culture for Brachyspira spp. was performed using BJ agar (Kunkle & Kinyon, 1988) incubated under anaerobic conditions (M. Ngeleka, Personal Communication); PCR assays applied during this period were species-specific assays for detection of B. hyodysenteriae (Harel & Forget, 1995) or Brachyspira pilisicoli (Mikosza et al., 1999) , or a PCR restriction fragment length polymorphism (PCR-RFLP) assay targeting the nox gene (Rohde, Rothkamp, & Gerlach, 2002) .
Hematoxylin and eosin and Warthin-Faulkner stained colon tissue microsections from cases selected based on the records screen were examined for the presence of thin spirochetes and/or lesions consistent with Brachyspira diarrhea to select the final set of samples for the retrospective study. When multiple paraffin blocks were available for an individual case, all were included in the study.
A series of ten diagnostic cases from 1984, for which Kodachrome slides of the gross lesions were available, were also retrieved for analysis. These cases were deemed of great interest as they originated from a high health farm in western Canada that experienced a severe outbreak of mucohaemorrhagic diarrhea of unknown etiology shortly after importation of animals from the United Kingdom.
| Sample processing and DNA extraction
Four 25 μm sections from each formalin fixed paraffin embedded (FFPE) colon tissue block were cut using a microtome, and were collected into 1.5 ml pre-labeled, sterile microcentrifuge tubes using sterile, disposable forceps. For multiple paraffin blocks from the same case (same animal), one microtome blade and disposable forceps were used, and between cases, a new blade and new disposable forceps were used. FFPE tissue curls were stored at room temperature until used for DNA extraction.
Samples were subjected to DNA extraction in batches of twelve using a commercial kit (QIAamp DNA FFPE Tissue kit, Qiagen, Germany) according to the manufacturer's recommendation with a modification of the proteinase K digestion step. Specifically, after 24 hr of proteinase K digestion, an additional 20 μl of proteinase K solution was added, the sample was mixed by vortexing, and incubated for a further 24 hr. DNA was eluted in 30 μl of ATE buffer, and DNA concentrations were measured by spectroscopy (Nanodrop 1000 spectrophotometer, Fisher Scientific, USA). DNA extracts were diluted to 10-40 ng/μl prior to PCR. An identically processed extraction control (kit reagents only) was included with each batch of samples. (Costa et al., 2014) , B. hampsonii (II) and B. hyodysenteriae ) were performed as previously described using the primers shown in Table 1 and the CFX Connect real time system (Bio-Rad Laboratories (Canada) Ltd., Mississauga, ON). DNA extracts from FFPE colon tissue obtained from our previous pig inoculation studies were used as controls (Costa et al., 2014; Rubin, Costa, et al., 2013 ).
| PCR
Study samples were tested in duplicate and each run included two positive controls and three negative controls, extraction controls, and a no template control. Results were interpreted as positive or negative by end-point analysis using CFX Manager Software version 3.1 (Bio-Rad Laboratories (Canada) Ltd., Mississauga, ON) with the following settings: end cycles to average: 5; tolerance: 10%. Amplification of the appropriate target was also confirmed by examination of the dissociation curve generated at the end of the PCR reaction, and sequencing of all target-specific PCR products using the amplification primers. Only samples declared positive in the end-point analysis, with the correct melt peak, and sequence matching the intended target were considered positive.
All samples determined to be positive for B. hampsonii or B. hyodysenteriae by SYBR green real-time PCR were further analyzed using PCR assays targeting the Brachyspira NADH oxidase (nox) gene (Rohde et al., 2002) and seven additional multi-locus sequencing typing (MLST) targets (adh, gdh, est, alp, glp, pgm and thi) using primers described in Table 1 . Purified PCR products were sequenced with the respective amplification primers. Raw sequence data was processed and assembled using pregap4 and gap4 in the Staden Package (Staden, Beal, & Bonfield, 2000) . GAT GCT TCA GGC GGA GTT ATG 619 EST-R847 CCA CAC TCA TAG CAT AAA TAC TG gdh GDH-F514 GGA GTT GGT GCT AGA GAG AT 644 GDH-R1157 ATC TCT AAA GCA GAA GTA GCA glp GLP-F123 AGG CTG GGT AGA ACA TAA TGC 1036 GLP-R1158 TCT TTA CTT TGA TAA GCA ATA GC pgm PGM-F172 GTT GGT ACT AAC AGA ATG AAT A 1049 PGM-R1220 CCG TCT TTA TCG CGT ACA TT thi THI-F163 TGT GTT ATA CAA TCA GCA CTT C 917 THI-R1079 GTA GTA AGT ATT CTA GCT CCA G Table 2 ). The identities of all but one of the taxon-specific PCR products were confirmed by sequencing (Table 3) of three additional genes (adh, gdh and est). High quality sequence data were obtained for adh and gdh products, which were found to be 99%-100% identical to available sequences for numerous B. hyodysenteriae isolates (Table 3 ). In the original diagnostic investigation, samples from this case were culture negative, but a diagnosis of swine dysentery was made based on pathology.
Two samples submitted in March 2006 from a 4000 head finisher barn (Farm 15) with 10% of animals affected by diarrhea, weight loss and ulcerative, necrotic colitis tested positive for B. hyodysenteriae by real-time PCR in the current study, and that result was confirmed by amplification and sequencing of MLST targets and sequencing of the nox gene target in one case (Table 3) and only the gdh target amplified from the second sample (Table 3) .
Sequencing of the gdh amplicon was unsuccessful. 
Total tested 10 (1) 4 (1) 10 (4) 21 (8) 40 (14) 40 (10) 19 (6) 10 (2) 15 (7) 11 (5) 13 (3) 13 (5) 206 ( (Chander et al., 2012) . Increasing availability and adoption of nucleic acid based methods including DNA sequencing were critical in explaining these observations, culminating in the identification of B. hampsonii. In our diagnostic laboratory, the application of a combination Brachyspira genus-specific PCR (Rohde et al., 2002) and sequencing was the critical step in identification of B. hampsonii in western Canada in the fall of 2009 Harding, ChirinoTrejo, Vermette, et al., 2010 ).
In the current retrospective study we screened 206 samples derived from 114 cases (from 57 farms or production systems) that had been identified as potentially Brachyspira associated based on a combination of clinical and microbiological characteristics. Since Prairie Diagnostic Services Inc. was a major provider of diagnostics for swine veterinarians in the western provinces of Alberta and Saskatchewan over the period reviewed, their fixed tissue archive and records database provided an excellent source of information for a swine disease investigation. We did not screen samples for B. hampsonii genomovars III and IV or Brachyspira suanatina, a strongly beta-haemolytic spirochete that has been reported to cause dysentery in pigs since these organisms are not known to be clinically significant in Western Canada.
Evidence of B. hyodysenteriae or B. hampsonii was found in only 21/206 samples (from 9/66 farms). It is possible that the etiologic agent in some of the cases in which B. hampsonii was not detected were other non-Brachyspira pathogens or B. pilosicoli, which was not targeted in the current study. B. pilosicoli infection is generally associated with milder clinical signs than swine dysentery (Trott et al., 1996) Detection of additional species in some samples is not surprising given a recent demonstration that Brachyspira affected pigs in western Canada are frequently infected with more than one species (Johnson, Fernando, Harding, & Hill, 2018) (II) ), which is up to 7 years before strong evidence of the emergence of a new species was presented Harding, Chirino-Trejo, Vermette, et al., 2010) . Unfortunately, no frozen tissues that might be used to gain more detailed information about the isolates circulating on farms during that time are available from those cases.
Recent success with reconstruction of an ancient Yersinia pestis genomes from the skeletons of sixth century victims of the Justinian plague (Wagner et al., 2014 ) does suggest it might be possible to reconstruct B. hampsonii genomes from preserved samples, which would provide insight into the origin and evolution of this production-limiting pathogen of pigs.
